Nondialyzable melanoidin formed in a model system of glucose and glycine was applied on thin layer gel electrofocusing in a polyacrylamide gel. The electrofocusing profile differed according to the reaction time: the p/ of the melanoidin formed in the early stage of the reaction was less than 2.9 and, as the reaction progressed, the p/ of the melanoidin formed gradually shifted to a less acidic value, from 2.9 to 3.3. Those from the xylose and glycine model system gave a similar profile to that of the glucose system. Preparative separation of the nondialyzable melanoidin, which was formed by heating the glucose system for 7hr, was performed by flat-bed electrofocusing in Sephadex gel. At least 14 melanoidin bands were clearly electrofocused at a pH range of 2.7~3.3 and about 59% of the melanoidin applied remained unaffected by electrophoresis at the starting position. The major component of electrofocused melanoidin was p/ 3.00, this being made up of 12.5% of the total amount of electrofocused melanoidin. The molecular weight of melanoidin affected by electrophoresis was about 25,000, regardless of the p/ value of the melanoidin components. The reducing activity, estimated by the potassium ferricyanide method, showed that the lower the p/ of melanoidin, the higher was the reducing activity.
melanoidin, the higher was the reducing activity.
The addition of hydrochloric acid to the melanoidin solution caused it to gradually become viscous and the melanoidin was precipitated below pH 3.0~3. 5 , corresponding approximately to ampholite. This feature can be used as a method to prepare nondialyzable melanoidin in a short time.
The brown polymerized product, melanoidin, formed by heating reducing sugar and amino acid, is an ampholite1* generally found in food. Rats were fed a diet containing nondialyzable melanoidin, formed from glucose and glycine, and 76%of the melanoidin was excreted in the feces. Browncolored material was not found in the urine. Gel permeation chromatography of the original and excreted melanoidins on Sephadex revealed that the low-molecular components of melanoidin in the diet were degraded into less or noncolored materials through digestion and absorption in the intestines.2* For further investigation of the chemical alteration of dietary melanoidin through the digestive organs in rats, it is necessary to develop another method for analytical and preparative fractionation of the melanoidin components. The authors applied electrofocusing electrophoresis to the analytical and preparative fractionation of the melanoidin components. The fractionated melanoidin components were analyzed for molecular weight, reducing activity of potassium ferricyanide and spectrophotometry in the visible range.
MATERIALS AND METHODS
Melanoidin. An aqueous solution of 2m glucose or xylose, 2mglycine and 0.2m sodium bicarbonate was refluxed with heating for 0.5 to 7 hr, followed by dialysis in a Visking tube for 7 days and then lyophilization.
Preparative flat-bed electrofocusing in a granulated gel. 1 A part of this work was presented at the Annual Meetings of the Agricultural Chemical Society of Japan, Nagoya, April 4, 1978 Thin layer gel electrofocusing in polyacrylamide gel. The melanoidin components fractionated by preparative flatbed electrofocusing were analyzed for purity by thin layer gel electrofocusing in a polyacrylamide gel. The procedure followed the manual of the LKB,4) in the pH range of 2.5-6. Analysis offractionated melanoidin. Lyophilized melanoidin was dissolved in a pH 7 phosphate buffer (0.1 m) and its spectrum was measured by spectrophotometry in the ultraviolet and visible ranges. The reducing activity of fractionated melanoidin on potassium ferricyanide was assigned as milligram %equivalent to ascorbic acid per optical density at 400nm.
Estimation of molecular weight of electrofocused mela- The precipitated melanoidin was prepared by adjusting the pH of the solution to 2.9 by adding dilute hydrochloric acid and centrifuging. The precipitate was dissolved in a pH 7 phosphate buffer (0. 1 m) for colorimetry in the visible range, the color yield of each fraction being estimated by its optical density at 400 nm.
RESULTS AND DISCUSSION
Electrofocusing profile of nondialyzable melanoidin formed during progressive reaction times The nondialyzable melanoidin formed in the model system of glucose and glycine was applied on a thin layer ofpolyacrylamide gel in a pH range 2.5~6. Figure 1 shows that the electrofocusing profile of the melanoidin differed markedly according to the reaction time.
In the early stage of the reaction, the melanoidin consisted of components of a p/ value less than 2.9. Among the melanoidin components formed in the 0.5 to 1hr reaction period there was observed a blue-brown component, which disappeared with reaction times longer than 2hr. Gomyo et al. found the formation of a blue pigment at an early stage of incubation for xylose and glycine at 4°C.6) The blue pigment is speculated to be a shortlife intermediate formed in an early stage of the reaction between reducing sugar and amino acid, but the presence of a blue pigment in the solution is supposedly maskedbecause of the successive formation of brown pigments. As the reaction progressed, the melanoidin components were electrofocused into less acidic regions.
In order to compare the electrofocusing profile between the melanoidins formed from hexose and pentose, the nondialyzable melanoidin prepared from the model system of xylose and glycine was applied to thin layer electrofocusing in a polyacrylamide gel (Fig.  2) . The electrofocusing profile of the resulting melanoidin and its change according to reaction time is similar to that from the glucose system, except for the absence of the bluebrown spot observed in the glucose system. It might be due to the more rapid formation of brown pigments in the pentose system than in the hexose.7) throughout so that clear separation of the melanoidin bands by electrophoresis was not apparent. In order to perform a moreclear separation of the melanoidin bands, a 5ml solution of melanoidin was applied at a position where the pH value was more than 3.5 on the pH gradient. The resulting electrofocusing profile of the melanoidin is shown in Fig. 3 , where it is electrofocused into 14 bands together with a significant amount which remained unaffected at the starting position. The electrofocused and unaffected melanoidin bands were scraped off. The quantity of unaffected melanoidin was about 59% of the melanoidin applied irrespective of the gel type used, which did not create a molecular sieving effect on the electrophoretic mobility of the melanoidin. Gel permeation chromatography of the separated melanoidin components on Shodex G-100 and 200 revealed that the molecular weiglit of the melanoidin remaining unaffected by electrophoresis, at the position where a sample solution was applied, was larger than that of the electrofocused melanoidin (25,000). The molecular weight of unaffected melanoidin is too large to be acted upon against a force such as the hydrogen bonding between the melanoidin and stabilizing medium. As nondialyzable melanoidin formed by 2 hr heating was applied in a preparative flat-bed of Sephadex G-75, all the melanoidin applied was electrofocused from the starting position towards the anode, resulting in the formation of 14 clear bands. The average molecular weight of the melanoidin formed by 2hr heating was found to be 12,400. It follows that one of the factors to affect the electrophoretic mobility in melanoidin is its molecular weight.
Isoelectric point of melanoidin
It is important to knowthe isoelectric point of each melanoidin component for further fractionation.
Nondialyzable melanoidin formed by 7hr heating of glucose and glycine was applied on a preparative flat-bed of Sephadex G-100, and 14 bands were clearly electrofocused in the pH range of2.7~3.3. The yield of each melanoidin band was estimated by colorimetry. The melanoidin of p/ 3.00 is the major, which was 12.7% of the total amount of electrofocused melanoidin (Table I ). This is in good agreement with the result by Gomyo.1} Analysis of separated melanoidin components The melanoidin components fractionated by flat-bed gel electrofocusing were subjected to thin layer electrofocusing in a polyacrylamide gel in order to examine their purity. It was revealed that the components ofp/ 2.73~3.00 were single and those of p/ greater than 3.15
were contaminated with melanoidin components of lower p/ values (Fig. 4) . As the melanoidin was electrofocused toward the anode, the valency of that melanoidin which is affected by electrophoresis is reduced, resulting in precipitation of the melanoidin components. The spectrum of the fractionated melanoidin in the visible range showed general absorption without a characteristic peak. The reducing activity of melanoidin on potassium ferricyanide per optical density unit is shown in Table I . Although the melanoidins of Fig. 3 . Flat-bed Electrofocusing of Nondialyzable Melanoidin on Sephadex G-100. The melanoidin was prepared by heating a solution of glucose (2 m), glycine (2 m) and sodium bicarbonate (0.2 m) for 7 hr followed by dialysis and lyophilization! l OOmgof nondialyzable melanoidin was applied to a gel section of pH 3.5 after formation of the pH gradient. Melanoidin was prepared by heating the solution of glucose (2 m), glycine (2 m) and sodium bicarbonate (0.2m) for 7hr followed by dialysis. p/ was measured at 15~20°Con the surface of the gel section. Pigment yield was estimated by multiplying the volume of a melanoidin solution by its optical density at 400nm and is shown as a percentage of the total amount of electrofocused melanoidin components.
Reducing activity is shown by equivalent mg%of ascorbic acid per optical density of the melanoidin solution estimated at 400 nm. larger p/ value are contaminated with those of smaller p/, it can be seen that the smaller the p/ of melanoidin, the larger is its reducing activity. The quality and quantity of the dissociating groups are to be investigated later and the reducing group, such as endiol or enaminol, is speculated to show a large reducing activity at low p/ values.
Separation of nondialyzable melanoidin from a solution of the model browning system by isoelectric precipitation It has been recognized that on dialysis of a solution of melanoidin formed in a reducing sugar and amino acid system, colored sub- System of Glucose and Glycine.
, total melanoidin; à"-à"-à"-, nondialyzable;
} precipitated at pH 3. A solution of 2m glucose, 2m glycine and 0.2m sodium bicarbonate was refluxed on heating, and the amount of melanoidin formed is shown by the optical density at 400nmof the solution. stances continue to be diffused into the dialyzate for several days, in spite of continuously changing the dialyzing water. In order to facilitate the separation of nondialyzable melanoidin from a solution, a method was examined to precipitate the melanoidin by adjusting the pH of the solution to the isoelectric value.
Whena model solution of glucose and glycine was refluxed with heating for more than 3 hr, the melanoidin precipitated at pH 3 ( Fig.   5 ). On the basis of color yield and reaction time, the amount of precipitated melanoidin was in step with the formation of nondialyzable melanoidin but in less quantity. When the model browning solution was made acidic by the addition of dilute hydrochloric acid, the viscosity of the solution gradually increased. The solution became markedly viscous at a pH around 3.5 and then precipitated. The precipitated melanoidin was redissolved at a pH less than 2.5.
Thus the separation of melanoidin from a solution is possible by precipitating at pH 3.0~3.5 and redissolving in an alkaline solution. When the melanoidin was allowed to stand in an isoelectric condition for a long time, it lost its solubility and formed a gel. Gel permeation chromatography on Shodex G-100 suggested that the molecular weight of the precipitated melanoidin was larger than that of the nondialyzable, judging from the peaks on the gel permeation chromatogram. Isoelectric precipitation of melanoidin from a reaction solution is a suitable method to prepare nondialyzable melanoidin in a short time.
